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Visual motion signals distort the perceived positions of brieﬂy presented stimuli; a brieﬂy-ﬂashed, stationary stimulus appears
spatially displaced in the direction of a nearby motion. The present study examined the role of the visual awareness of motion
in the motion-induced position shift by using exclusive dominance and suppression of binocular rivalry. Observers dichoptically
viewed a ﬂickering radial checkerboard and two sinusoidal gratings that drifted vertically in opposite directions. When observers
viewed exclusively either the checkerboard or motion stimulus, two horizontal lines were ﬂashed, one for each side of the rivalry
stimulus. During the exclusive dominance of the grating motion, the lines appeared to shift in the directions of the nearby motions.
The position shift was identical to that during non-rivalry, monocular viewing of the motion stimulus. However, when the grating
motions were completely suppressed, no position shift was observed. These results demonstrate that the motion-induced position
shift depends on the visual awareness of motion.
 2005 Elsevier Ltd. All rights reserved.
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Perceiving the position of a visual object is far from
an easy task, particularly when a visual scene is dy-
namic. This is because motion and position signals inter-
act in the visual system (De Valois & De Valois, 1991;
Whitney, 2002). In particular, the perceived geometrical
relationship among brieﬂy presented visual stimuli is
inﬂuenced by motion signals in the visual ﬁeld; a
brieﬂy-ﬂashed stationary stimulus (e.g., a line) appears
to be spatially displaced in the direction of a nearby mo-
tion signal (Whitney & Cavanagh, 2000). Several studies
have investigated conditions under which the motion-
induced position shift of distant stationary objects0042-6989/$ - see front matter  2005 Elsevier Ltd. All rights reserved.
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E-mail address: katsumi.watanabe@aist.go.jpoccurs (Durant & Johnston, 2004; Shim & Cavanagh,
2004; Watanabe, Nijhawan, & Shimojo, 2002; Watan-
abe, Sato, & Shimojo, 2003). These studies have clariﬁed
that the illusory shift in position can be produced by real
motion, illusory motion, and inferred motion. These
observations suggest that the illusory position shift is a
relatively ‘‘high-level’’ perceptual eﬀect, a possibility
that I set out to test in the present experiment. In partic-
ular, the present study examined whether the position
shift occurs when the normally eﬀective inducing motion
is erased from conscious awareness by binocular rivalry
suppression.
Binocular rivalry occurs when the two eyes receive
signiﬁcantly diﬀerent visual inputs (Breese, 1909). Even
though the physical characteristics of these dissimilar
monocular inputs remain constant, the observer viewing
them experiences phenomenal competition between the
two incompatible views. Interleaved with the ‘‘mixed’’
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will be suppressed from visual awareness for several sec-
onds at a time, and its competitor will completely dom-
inate the visual perception. By comparing the behaviors
of the visual system in these periods of complete domi-
nance and complete suppression, it is possible to exam-
ine the role of visual awareness of a particular speciﬁc
stimulus aspect for a certain task, while maintaining
physical inputs to the visual system (Blake, 1997; Blake
& Logothetis, 2002). A number of studies have exploited
this characteristic of binocular rivalry and pinpointed
aspects of visual processing relative to the site of binoc-
ular suppression (e.g., Blake & Fox, 1974; Blake, Yu,
Lokey, & Norman, 1995; Lehmkuhle & Fox, 1975;
van der Zwan & Wenderoth, 1994; Wade & Wenderoth,
1978; Watanabe, Paik, & Blake, 2004). Certain visual
functions, aftereﬀects, and other measurable phenomena
survive binocular rivalry suppression (i.e., rendering
retinal inputs invisible); these include the orientation-
speciﬁc adaptation (Blake & Fox, 1974), linear motion
aftereﬀect (Lehmkuhle & Fox, 1975; OShea & Crassini,
1981), contrast gain modulation (Watanabe et al., 2004),
two-frame apparent motion (Wiesenfelder & Blake,
1991), and global motion perception (Andrews & Blake-
more, 1999). However, other (mostly higher-order) vi-
sual functions appear to be dependent on the visual
awareness of the stimulus (e.g., Chen, Matthews, &
Qian, 2001; Moradi, Koch, & Shimojo, 2005; van der
Zwan, Wenderoth, & Alais, 1993; Wiesenfelder & Blake,
1990). In the current study, we examined how the
motion-induced position shift operates with and without
visual awareness of the motion by utilizing exclusive
dominance and suppression periods of binocular rivalry.2. Methods
2.1. Observers
Seven observers, including the author, participated in
the experiment. All the observers, other than the author,
were naive about the objective of the experiment. All
had normal or corrected-to-normal vision.
2.2. Stimuli
A schematic of the dichoptic visual display is shown
in Fig. 1. Visual stimuli were displayed on a gamma-cor-
rected CRT monitor (19.2 · 25.6, 60 Hz refresh rate)
in a dark room. In each trial, one eye was made to view
a pair of sinusoidal gratings (3.3 cycle/deg; 3.0 in size)
that drifted vertically in opposite directions (3.0 deg/s),
and the other was made to view a ﬂickering radial-
checkerboard (20 Hz; 3.0 in size). These dichoptic
stimuli were presented against a mid-level gray (29 cd/
m2) background. The maximum Michelson contrast ofthe checkerboard was 40%, whereas that of the grating
was 20%. These values were determined before the
experiment to ensure that the observers could not view
the suppressed stimulus but could still experience a rea-
sonable number of alternations in the perceptual state
during an extended viewing period. In order to support
the steady ﬁxation and binocular overlap between the
grating and checkerboard, both stimuli were presented
with white ﬁxation crosses (58 cd/m2, 0.25) and place-
holders. The directions of the motion gratings were
reversed with intervals chosen randomly from 2 s to
3 s. The grating was presented to a predetermined eye
in each session, which was counterbalanced among
sessions.
2.3. Procedure
Observers viewed the visual stimuli dichoptically
using a haploscope. In each trial, when the grating mo-
tion stimulus achieved a designated phenomenal state
(dominance or suppression condition that was pre-spec-
iﬁed for each session), observers pressed a key to initiate
the transient presentation (16.7 ms) of two horizontal
lines (58 cd/m2, 0.025 thick, 0.25 long). When the ob-
server pressed a key, the directions of the grating mo-
tions were reversed. The lines were presented 0–200 ms
after the reversal of the grating motions (c.f., Whitney
& Cavanagh, 2000), one at each side of the rivalry stim-
ulus. These lines were vertically misaligned from the eye
level (i.e., from the ﬁxation cross) in opposite directions.
The vertical oﬀset of the lines was randomly varied to
achieve nine oﬀset conditions (32,16,8,4,0,
+4,+8,+16,+32 arcmin in the direction of the post-ﬂash
motion). The two lines were presented with either the
motion stimulus (same-eye condition) or the checker-
board stimulus (opposite-eye condition) so that the eye
that received the line presentation was counterbalanced.
The entire stimulus disappeared 400 ms after the line
presentation. The observers were instructed to avoid ini-
tiating the line presentation during the transitory phases
between dominance and suppression (i.e., during the
‘‘piecemeal’’ rivalry). In addition, if any perceptual tran-
sition occurred at or after the instance of line presenta-
tion, the observers were asked to press a cancel button
to discard the trial; the same trial reappeared later in
the session. After successful initiation of the line presen-
tation, the observers indicated whether the left line was
higher than the right line or conversely (2AFC) by press-
ing appropriate keys. No error feedback was given. In a
session, for each combination of 9 oﬀset conditions and
2 eye conditions, 5 trials were repeated (90 trials). Each
observer attended 8 sessions for each of the dominant
and suppression conditions, resulting in a total of 16 ses-
sions for the main experiment.
In the control experiment (monocular condition), the
contrast of the checkerboard was set to zero. Hence, the
Fig. 1. Schematic presentation of visual stimulus. Observers viewed a pair of sine-wave gratings that drifted vertically in opposite directions and a
ﬂickering radial checkerboard dichoptically, leading to perceptual alternation between them. When the observers exclusively saw either the grating
motion (dominant condition) or the ﬂickering checkerboard (suppression condition), two horizontal lines were ﬂashed with various vertical oﬀsets,
one at each side of the rivalry stimulus. In the control experiment, only the grating motion stimulus was presented monocularly.
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sented monocularly. The procedures were identical to
those used in the main experiment, except that the
observers initiated the line presentation upon hearing a
1000 Hz beep from the computer speaker. The auditory
signal was delivered with a delay from the beginning of a
trial. The delay was determined randomly from the
observers wait durations (i.e., time elapsed from the
start of a trial to when a key press occurred), which were
separately recorded in the dominant (monocular-
D-duration condition) and suppression sessions (mon-
ocular-S-duration condition) of the main experiment.
This was done to make the observation durations in
the control experiment similar to those in the main
experiment. The observers attended 8 control sessions
for both the monocular-D-duration and monocular-
S-duration conditions.3. Results
On an average, 3.2% of the trials were cancelled dur-
ing one session. The top panels of Fig. 2 show the per-
centage of trials in which the lines appeared to be
displaced in the direction of the nearby motion (aver-
aged for all observers) as a function of the physical mis-
alignment of the lines in the directions of the motions.
The averaged data were ﬁtted with the logistic function,
y = C[1 + exp{a(x  b)}]1. When the observers exclu-
sively saw the grating motion (dominance condition),
the ﬂashed lines were perceived as displaced in the direc-
tions of the nearby motions. This was true irrespective
of whether the lines were presented to the eye that re-
ceived the grating (same-eye condition; left panel) orto the eye viewing the checkerboard (opposite-eye condi-
tion; right panel). On the other hand, when the grating
motion stimulus was completely suppressed from visual
awareness (suppression condition; i.e., when the observ-
ers saw exclusively the ﬂickering checkerboard), no posi-
tion shift was found. This was also true for both the
same-eye and opposite-eye conditions. It should be
stressed that failure to observe an illusory motion shift
when the motion was suppressed was not because it
was more diﬃcult to see the lines themselves. The lines
were imaged outside the region of rivalry and, therefore,
always visible. Further, to reiterate, the illusory shift was
vanished regardless of which eye received the two hori-
zontal lines. The motion-induced position shift was
clearly observed during the monocular view of the grat-
ing motion stimulus in both the monocular-D-duration
and monocular-S-duration conditions. Again, there
was no diﬀerence between the same-eye and opposite-
eye conditions.
The magnitude of the position shift for each observer
was estimated by deriving a psychometric function from
the data of each observer (ﬁtted with the logistic func-
tion) and calculating 50% points. The bottom panel of
Fig. 2 shows the averaged estimations of the position
shifts. A three-way ANOVA indicated signiﬁcant main
eﬀects of the rivalry condition (rivalry vs. monocular;
F(1,6) = 6.94, p < 0.05) and the perceptual state or
observation duration (dominance vs. suppression;
F(1,6) = 15.09, p < 0.05). It must be noted that, in the
monocular conditions, ‘‘dominance’’ and ‘‘suppression’’
refer to the observation durations recorded in the main
rivalry experiment, not to the perceptual state when the
lines were presented. The factor of presentation eye did
not show a signiﬁcant main eﬀect (same vs. opposite,
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Fig. 2. (Top) Percentage responses consistent with motion shift (i.e., the ‘‘the lines are displaced in the direction of the nearby motion’’ responses) as
a function of physical displacement of the lines in the directions of the motions, averaged across all observers (Left panel, same-eye condition; Right
panel, opposite-eye condition). (Bottom) Averaged estimations of position shift. The position shifts in the suppression conditions were not
statistically diﬀerent from zero (p > 0.1), whereas the position shift was clear in the other conditions.
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condition and perceptual state was signiﬁcant
(F(1,36) = 14.86, p < 0.05), whereas the other interac-
tions were not. Additionally, the position shift in the
suppression condition was not statistically diﬀerent from
zero (t(6) < 1.97, p > 0.1 for both the same-eye and
opposite-eye conditions).4. Discussion
The results of the present study demonstrate that the
motion-induced position shift is vanished when the
inducing motion is erased from visual awareness by
binocular rivalry suppression. This ﬁnding is consistentwith results obtained from other recent studies pointing
to the involvement of high-level mechanisms in this illu-
sion. For example, the perception of spatial position can
be shifted even when the motion signals inducing that
shift are not explicitly present in the visual ﬁeld and, in-
stead, are implied by occluded motion (Watanabe et al.,
2003). Moreover, illusory position shifts can be induced
by a stationary object that appears to move only because
of prior adaptation (Whitney & Cavanagh, 2003).
Finally, by measuring the position shift as a function
of the perceived motion in a bistable quartet, it has been
found that an illusory position shift occurs only when
the ﬂashes are close to the trajectory where motion is
seen (Shim & Cavanagh, 2004). These ﬁndings indicate
that high-level motion processes are suﬃcient to pro-
2584 K. Watanabe / Vision Research 45 (2005) 2580–2586duce the position shift. The results from the present
experiments provide complementary evidence for the
same conclusion by showing that the removal of the
inducing motion from conscious awareness vanishes
motion-induced position shifts of stationary objects.
The conclusion from this study could be strengthened
if we could specify where in visual processing binocular
rivalry suppression transpires. However, this has been
an issue of some controversy in recent years. Single unit
recordings from alert behaving monkeys experiencing
binocular rivalry reveal only a small percentage of neu-
rons in the primary visual cortex, where responses are
modulated in synchrony with the animals report of
dominance and suppression. Conversely, in higher
visual areas, a larger percentage of neurons shows activ-
ity ﬂuctuations correlated with the perceptual state (e.g.,
see Leopold, Murayama, & Logothetis, 2003). Brain
imaging studies in humans, however, show robust mod-
ulations in neural responses (as indicated by ﬂuctuations
in blood oxygenation levels) throughout the visual path-
ways, including the primary visual cortex (e.g., see Tong,
2004). For the purpose of interpreting the eﬀect of bin-
ocular suppression on the motion that induces illusory
positional shifts, it is logical to believe that this suppres-
sion of motion signals transpires prior to the site at
which the motion signal inﬂuence the perceived position.
It should also be noted that binocular suppression
does not invariably disrupt motion processing. It is
known, for example, that two-frame apparent motions
can be experienced even when the ﬁrst frame of the
sequence is suppressed during rivalry (Wiesenfelder &
Blake, 1991). In addition, motion suppressed from vi-
sion can nonetheless be combined with the dissimilar
motion viewed by the dominant eye to produce global
motion in a direction midway between the dominant
and suppressed directions of motion (Andrews & Blake-
more, 1999). The result reported in this paper, i.e., sup-
pression of motion vanishing illusory position shifts, is
consistent with earlier studies showing that suppressed
motion signals disrupt only higher-order motion pro-
cessing (Chen et al., 2001; van der Zwan et al., 1993;
Wiesenfelder & Blake, 1990), and our study suggests
that the site where motion and position processes inter-
act may be higher than the sites of conscious awareness
of visual motion.
4.1. Neural sites for motion processes that produce a
position shift
The cortical activity in area MT has been shown to be
closely correlated with conscious awareness of visual
motion in macaque monkeys (Britten, Shadlen, New-
some, & Movshon, 1992; but see Ilg & Churan, 2004)
and humans (Tootell et al., 1995). Therefore, it is likely
that motion signals for the position shift originate from
neural activity in area MT and related brain regions. Tosupport this hypothesis, no diﬀerence was found be-
tween the same-eye and opposite-eye conditions in this
study, replicating the results of Whitney and Cavanagh
(2000). This suggests that the motion-induced position
shift occurs after integration of visual information from
the two eyes (i.e., after V1). Moreover, a recent study
has shown that another type of motion-induced position
shift, namely, the position shift induced by motion after-
eﬀect (Snowden, 1998; Nishida & Johnston, 1999), is
critically dependent on the cortical motion processing
at area MT (McGraw, Walsh, & Barret, 2004). McGraw
et al. (2004) demonstrated that when cortical activity in
MT was disrupted by transcranial magnetic stimulation
after motion adaptation, the position shift decreased sig-
niﬁcantly. In contrast, transcranial magnetic stimulation
of V1 did not aﬀect the position shift by motion adapta-
tion. These ﬁndings point to the primary role of con-
scious motion perception, most likely mediated at the
level of MT or higher, in the generation of motion-
induced position shifts.
Motion and position signals probably interact also
within MT/MST (Krekelberg, Kubischik, Hoﬀmann,
& Bremmer, 2003; McGraw et al., 2004) rather than
V1/V2. Alternatively, motion signals may be relayed to
position signals via a re-entrant input stream from high-
er cortical areas, where the conscious perception of
visual motion is established (e.g., MT/MST) to lower
cortical areas, where the neural representation of spatial
position resides (Pascual-Leone & Walsh, 2001).
4.2. Necessary condition for all motion-related illusory
position shifts?
The results of the present study indicate that the po-
sition shift of distant stationary objects due to motion
signal is disrupted when visual motion occurs outside
of awareness. However, it may be premature to conclude
that visual awareness of inducing motion is a necessary
condition for all types of motion-related position shifts.
For example, the position shift induced by motion adap-
tation was observed even when the carrier gratings of
the adapting and test stimuli were orthogonal and,
therefore, no motion aftereﬀect was experienced
(McGraw, Whitaker, Skillen, & Chung, 2002). The dis-
crepancy on the role of visual awareness in these illusory
position shifts could be due to diﬀerences in stimulus
conﬁgurations between the motion-adaptation-depen-
dent position shift (McGraw et al., 2004, 2002; Nishida
& Johnston, 1999; Snowden, 1998) and the motion-
induced position shift (Durant & Johnston, 2004; Shim
& Cavanagh, 2004; Watanabe et al., 2003; Whitney &
Cavanagh, 2000). For example, in a majority of experi-
ments using motion adaptation, the motion stimulus
and a stationary object were presented at the same
location (however, see Whitney & Cavanagh, 2003 as
a counter-example). On the other hand, in motion-
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object can be shifted even when the object is located
away from the motion stimulus. In addition, the appar-
ent shift of a distant stationary object requires the object
to be brieﬂy presented (Whitney & Cavanagh, 2000).
One interpretation of this may be that the awareness
of visual motion modulates the perceived position of a
ﬂashed object that is remotely placed from the inducing
motion; but the motion awareness may not be required
when an object is placed on a retinal region that is stim-
ulated by the motion.1 However, further psychophysical
investigations are required to clarify the similarities and
diﬀerences between these apparently similar phenomena.
Another possibility is that the cortical activity of MT/
MST, not the awareness of visual motion, generates these
motion-related position shifts. This is because, the idea
that the cortical activity ofMT/MST is the sole neural cor-
relate of conscious motion perception still warrants fur-
ther substantiation, and it is possible that areas MT and
MST are not the ﬁnal stages responsible for consciousmo-
tion perception (Ilg & Churan, 2004). Combining psycho-
physical and functional-neuroimaging methods would be
a promising avenue for further investigations of motion-
related illusory position shifts (Whitney et al., 2003)5. Conclusion
The present study examined the relationship between
the visual awareness of motion and the motion-induced
position shift of brieﬂy presented stationary objects. The
results demonstrate that the motion-induced position
shift is closely associated with the visual awareness of
the inducing motion. In other words, the awareness of
motion modulates, if not mediates, the illusory position
shift. This result suggests that high-level motion pro-
cesses (at the level of conscious motion perception) are
involved in the positional shift (e.g., Shim & Cavanagh,
2004; Watanabe et al., 2003). However, the precise man-
ner in which higher motion processes inﬂuence the
positional signals of stationary objects and the imple-
mentation of such processes in the brain remain to be
investigated.Acknowledgment
This work was supported by Grants-in-Aid for Scien-
tiﬁc Research (#16730378) from the Ministry of Educa-
tion, Culture, Sports, Science and Technology, Japan.1 Yet another possibility is that the perception of the ﬂickering
stimulus might disrupt the process underlying the motion-induced
position shift (Durant & Johnston, 2004). In this case, it could be
stated that the visual awareness of motion modulates (not mediate) the
illusory shift.Thanks are due to Randolph Blake for his useful
comments.References
Andrews, T. J., & Blakemore, C. (1999). Form and motion have
independent access to consciousness. Nature Neuroscience, 2,
405–406.
Blake, R. (1997). What can be ‘‘perceived’’ in the absence of visual
awareness? Current Direction in Psychological Science, 6, 157–162.
Blake, R., & Fox, R. (1974). Adaptation to ‘‘invisible’’ gratings and the
site of binocular rivalry suppression. Nature, 249, 488–490.
Blake, R., & Logothetis, N. K. (2002). Visual competition. Nature
Reviews Neuroscience, 3, 13–21.
Blake, R., Yu, K., Lokey, M., & Norman, H. (1995). Binocular rivalry
and motion perception. Journal of Cognitive Neuroscience, 10,
46–60.
Breese, B. B. (1909). Binocular rivalry. Psychological Review, 16,
410–415.
Britten, K. H., Shadlen, M. N., Newsome, W. T., & Movshon, J. A.
(1992). The analysis of visual motion: A comparison of neuronal
and psychophysical performance. Journal of Neuroscience, 12,
4745–4765.
Chen, Y., Matthews, N., & Qian, N. (2001). Motion rivalry impairs
motion repulsion. Vision Research, 41, 3639–3647.
De Valois, R. L., & De Valois, K. K. (1991). Vernier acuity with
stationary moving Gabors. Vision Research, 31, 1619–1626.
Durant, S., & Johnston, A. (2004). Temporal dependence of local
motion induced shifts in perceived position. Vision Research, 44,
357–366.
Ilg, U. J., & Churan, J. (2004). Motion perception without explicit
activity in areas MT and MST. Journal of Neurophysiology, 92,
1512–1523.
Krekelberg, B., Kubischik, M., Hoﬀmann, K. P., & Bremmer, F.
(2003). Neural correlates of visual localization and perisaccadic
mislocalization. Neuron, 37, 537–545.
Lehmkuhle, S., & Fox, R. (1975). Eﬀect of binocular rivalry
suppression on the motion aftereﬀect. Vision Research, 15,
855–856.
Leopold, D. A., Murayama, Y., & Logothetis, N. K. (2003). Very slow
activity ﬂuctuations in monkey visual cortex: Implications for
functional brain imaging. Cerebral Cortex, 13, 422–433.
McGraw, P. V., Walsh, V., & Barret, B. T. (2004). Motion-sensitive
neurons in V5/MT modulate perceived spatial position. Current
Biology, 14, 1090–1093.
McGraw, P. V., Whitaker, D., Skillen, J., & Chung, S. T. L. (2002).
Motion adaptation distorts perceived visual position. Current
Biology, 12, 2042–2047.
Moradi, F., Koch, C., & Shimojo, S. (2005). Face adaptation depends
on seeing the face. Neuron, 45, 169–175.
Nishida, S., & Johnston, J. A. (1999). Inﬂuence of motion signals on
the perceived position of spatial pattern. Nature, 387, 610–612.
OShea, R. P., & Crassini, B. (1981). Interocular transfer of the motion
aftereﬀect is not reduced by binocular rivalry. Vision Research, 21,
801–804.
Pascual-Leone, A., & Walsh, V. (2001). Fast back projections from the
motion to the primary visual area necessary for visual awareness.
Science, 292, 510–512.
Shim, W. M., & Cavanagh, P. (2004). The motion-induced position
shift depends on the perceived direction of bistable quartet motion.
Vision Research, 44, 2393–2401.
Snowden, R. J. (1998). Shifts in perceived position following adapta-
tion to visual motion. Current Biology, 8, 1343–1345.
Tong, F. (2004). Primary visual cortex and visual awareness. Nature
Reviews Neuroscience, 4, 219–229.
2586 K. Watanabe / Vision Research 45 (2005) 2580–2586Tootell, R. B. H., Reppas, J. B., Kwong, K. K., Malach, R., Born, R.
T., Brady, T. J., et al. (1995). Functional-analysis of human MT
and related visual cortical areas using magnetic-resonance-imaging.
Journal of Neuroscience, 15, 3215–3230.
van der Zwan, R., & Wenderoth, P. (1994). Psychophysical evidence
for area V2 involvement in the reduction of subjective contour tilt
aftereﬀects by binocular rivalry. Visual Neuroscience, 11, 823–830.
van der Zwan, R., Wenderoth, P., & Alais, D. (1993). Reduction of a
pattern-induced motion aftereﬀect by binocular rivalry suggests the
involvement of extrastriate mechanisms. Visual Neuroscience, 10,
703–709.
Wade, N. J., & Wenderoth, P. (1978). The inﬂuence of colour and
contour rivalry on the magnitude of the tilt aftereﬀect. Vision
Research, 18, 827–835.
Watanabe, K., Nijhawan, R., & Shimojo, S. (2002). Shifts in perceived
position of ﬂashed stimuli by illusory motion perception. Vision
Research, 42, 2645–2650.
Watanabe, K., Paik, Y., & Blake, R. (2004). Preserved gain control for
luminance contrast during binocular rivalry suppression. Vision
Research, 44, 3065–3071.Watanabe, K., Sato, T. R., & Shimojo, S. (2003). Perceived shifts of
ﬂashed stimuli by visible and invisible object motion. Perception,
32, 545–559.
Wiesenfelder, H., & Blake, R. (1990). The neural site of binocular
rivalry relative to the analysis of motion in the human visual
system. Journal of Neuroscience, 10, 3880–3888.
Wiesenfelder, H., & Blake, R. (1991). Apparent motion can survive
binocular rivalry suppression. Vision Research, 31, 1589–
1600.
Whitney, D. (2002). The inﬂuence of visual motion on perceived
position. Trends in Cognitive Sciences, 6, 211–216.
Whitney, D., & Cavanagh, P. (2000). Motion distorts visual space:
Shifting the perceived position of remote stationary objects. Nature
Neuroscience, 3, 954–959.
Whitney, D., & Cavanagh, P. (2003). Motion adaptation shifts
apparent position without the motion aftereﬀect. Perception &
Psychophysics, 65, 1011–1018.
Whitney, D., Goltz, H. C., Thomas, C. G., Gati, J. S., Menon, R. S., &
Goodale, M. A. (2003). Flexible retinotopy: Motion-dependent
position coding in the visual cortex. Science, 302, 878–881.
